Purpose Intraoperative adverse events significantly influence morbidity and mortality of laparoscopic colorectal resections. Over an 11-year period, the changes of occurrence of such intraoperative adverse events were assessed in this study. Methods Analysis of 3,928 patients undergoing elective laparoscopic colorectal resection based on the prospective database of the Swiss Association of Laparoscopic and Thoracoscopic Surgery was performed. Results Overall, 377 intraoperative adverse events occurred in 329 patients (overall incidence of 8.4 %). Of 377 events, 163 (43 %) were surgical complications and 214 (57 %) were nonsurgical adverse events. Surgical complications were iatrogenic injury to solid organs (n=63; incidence of 1.6 %), bleeding (n=62; 1.6 %), lesion by puncture (n=25; 0.6 %), and intraoperative anastomotic leakage (n=13; 0.3 %). Of note, 11 % of intraoperative organ/puncture lesions requiring re-intervention were missed intraoperatively. Nonsurgical adverse events were problems with equipment (n=127; 3.2 %), anesthetic problems (n=30; 0.8 %), and various (n=57; 1.5 %). Over time, the rate of intraoperative adverse events decreased, but not significantly. Bleeding complications significantly decreased (p=0.015), and equipment problems increased (p=0.036). However, the rate of adverse events requiring conversion significantly decreased with time (p<0.001). Patients with an intraoperative adverse event had a significantly higher rate of postoperative local and general morbidity (41.2 and 32.9 % vs. 18.0 and 17.2 %, p<0.001 and p<0.001, respectively). Conclusions Intraoperative surgical complications and adverse events in laparoscopic colorectal resections did not change significantly over time and are associated with an increased postoperative morbidity.
Introduction
Laparoscopic colorectal surgery has steadily evolved during the last 20 years and is now a valuable approach for the treatment of both benign and malignant colorectal diseases [1] [2] [3] [4] [5] [6] [7] . In selected patients with rectal cancer treated by skilled surgeons, laparoscopic surgery resulted in similar safety, resection margins, and completeness of resection to that of open surgery, and recovery was improved after laparoscopic surgery. Results for the primary endpoint-locoregional recurrence-are expected by the end of 2013.
At the beginning of this new era of minimal invasive surgery, technical limitations of the equipment and instruments, as well as low levels of personal experience of most surgeons limited the operative indications. Nowadays, it is generally thought that these shortcomings are no longer relevant as the current technology has become very sophisticated, and the surgical community benefits from longstanding experience [8] [9] [10] . In addition, there is good evidence that a laparoscopic approach does not impair oncological radicality, and long-term outcome is similar to open surgery [2] [3] [4] [5] [6] .
Intraoperative adverse events are rarely reported as an entity of their own. Either they are not considered as crucial issues or they are just mentioned as reasons for conversion from a laparoscopic to an open approach [1, 3, [10] [11] [12] . Nevertheless, the reported incidence of intraoperative adverse events is ranging up to 20 %, and generally, surgical complications, technical problems of the equipment, but also patientrelated anesthesiological problems are summarized as intraoperative adverse events [12, 13] . While many intraoperative adverse events can be managed without further consequences, some of them are potentially hazardous since they can be the origin of severe postoperative morbidity [14] . These latter ones negatively impact on long-term outcome and represent an important cost factor [15] .
The objective of the present trend analysis, based on a large national prospective patient cohort, was to assess the incidence of intraoperative adverse events of laparoscopic colorectal resection during an 11-year period in Switzerland.
Materials and methods

Data base
The Swiss Association of Laparoscopic and Thoracoscopic Surgery (SALTS) prospectively collect laparoscopic colorectal operations since 1995, whereby 56 (77 %) public hospitals and 17 (23 %) private hospitals contribute their patient data [10] . This database is complete, although only about twothirds of Swiss surgeons enrolled their patients undergoing a laparoscopic procedure. More than 120 single items for each patient are documented on a previously designed data sheet and electronically inserted into the data base (Qualicare; Qualidoc, Liebefeld-Bern, Switzerland) [10] . Any missing data were searched by the central data manager responsible for the data base. Conversion was defined as a need for laparotomy, and the decision was up to the individual surgeon.
For the current analysis, all patients undergoing elective laparoscopic colorectal resection from 1995 to 2006 were included. Patients undergoing only diverting colostomies (and no resection) were excluded. The database was closed in 2007.
Definition of intraoperative adverse events
Intraoperative adverse events were defined as any surgical complications directly related to the surgical intervention, as well as any nonsurgical adverse events (not directly related to the surgical act, Table 1 ) as defined previously by Guller et al. [10] . The responsible surgeon recorded all events from a predefined list immediately at the end of the operation. Outcome measures were defined as previously described [10] .
Statistics
Changes of proportions over time were analyzed using generalized additive models. Dependence on year was adjusted for age, gender, BMI, and ASA score. Model terms of continuous variables are smooth functions with automatic smoothing parameter selection. The analysis was performed using package mgcv in R [16, 17] . p values <0.05 are considered statistically significant.
Data were analyzed on an intention-to-treat basis, meaning that conversions to an open approach were not excluded from final analysis. ) and increased over time, but not significantly (p=0.06). Of the patients, 18.9 % underwent resection because of colorectal malignancies, and 81.1 % of patients were operated for benign diseases, mainly diverticular disease (n=2,625; 82.4 %). Sigmoid resections were the most common laparoscopic procedure with 2,874 (73.2 %) cases. Rectal resection, right hemicolectomy, total colectomy, and segmental resections of the transverse colon were performed in 645 (16.4 %), 345 (8.8 %), 40 (1.0 %), and 24 (0.6 %) cases, respectively. Over time, the portion of rectal resections remained stable (range 13.5-23.4 %). On the other hand, total colectomies were only performed after 2001.
Over the 11-year period, the median postoperative hospital stay was 10 days (range 1-90). The mean rate of conversion was 14.9 % (n=584), and the mean reoperation rate due to an adverse events was 5.0 % (n=200). Interestingly, the majority of surgical revisions (n=176, 88 %) due to complications were managed laparoscopically. Laparotomy was performed in 24 cases. The overall 30-day mortality rate was 0.9 % (35 patients). The majority of colorectal resections were performed by experienced surgeons (>100 total laparoscopic interventions at the time of surgery) in 89. 
Intraoperative adverse events
Three hundred seventy-seven intraoperative adverse events occurred in 329 patients (overall incidence of 8.4 %). Of 377 events, 163 (43 %) were surgical complications, and 214 (57 %) were nonsurgical adverse events. Surgical intraoperative complications occurred in 4.1 % of patients and consisted out of solid organ lesions (1.6 %), puncture lesions (0.6 %), bleeding (1.6 %), and anastomotic leaks (0.3 %). On the other hand, the incidence of nonsurgical adverse events was slightly higher (5.5 %) ( Table 1) . Table 2 lists intraoperative complications and adverse events comparing resections for malignant and benign diseases.
The majority of patients with an intraoperative adverse event (n=281, 85 %) experienced only one complication.
More than two intraoperative adverse events were found in 48 (15 %) patients.
The occurrence of a trocar lesion significantly correlated with an additional solid organ lesion (p<0.001) during the procedure. Further intraoperative complications related to equipment problems significantly correlated with the appearance of puncture lesions of the stomach or intestine (p=0.05), puncture lesions of vessels (p=0.04), trocar lesions (p<0.001), and bleeding of the abdominal wall (p<0.001).
Problems related to the equipment were mainly material dysfunction (i.e., malfunction of stapler, multifunctional devices, misadjustment of camera or monitor). Intraoperative adverse events and complications were comparable between experienced (>50 total colorectal resections) and less experienced surgeons (<total colorectal resections, 8.5 vs. 8.8 %, p= 0.7).
Intraoperative surgical complications did not recur frequently
Most of intraoperatively detected and addressed surgical complications did not reoccur postoperatively. Still, most of bleedings and anastomotic leaks (intraoperative anastomotic leak describes a leak at intraoperative testing of the anastomosis, i.e., air insufflation) occurred postoperatively (Table 3) .
Six out of 62 (9.7 %) intraoperative bleeding complications reoccurred postoperatively. In detail, we observed the reoccurrence of three bleedings in the area of the anastomosis, one case of a migrated clip, and two cases of bleeding from the abdominal wall.
Intraoperatively detected and successfully treated bleeding complications still had significantly increased morbidity as compared to patients without such a complication (36.5 vs. 18.6 %, p<0.001). The same holds true for organ or puncture lesions (39.7 vs. 12.9 %, p< 0.001 and 48 vs. 18.7 %, p<0.001, respectively). All 11 intraoperatively missed organ/ puncture lesions required re-intervention (ten surgical revisions and one percutaneous drainage).
Changes of intraoperative adverse events over time
Over time, the rate of intraoperative adverse events did not decrease ( Fig. 1; p=0.231) . Surgical intraoperative complications ranged from 1.5 to 6.5 %, and nonsurgical adverse events occurred in 5.8 to 17 % per year (Fig. 2) . Intraoperative bleeding complications decreased over time ( Fig. 3; p=0.015 ), whereas problems with equipment significantly increased ( Fig. 4; p=0.036) . The overall conversion rate, but not the conversion rate due to intraoperative adverse events, decreased over time (Fig. 5, p=<0.001 Hospitalization also significantly decreased by 2 days (p<0.001). Patients with intraoperative bleeding or organ lesions stayed on average 2 days longer in the hospital (10 vs. 8 days).
Overall, postoperative morbidity rate was 18.9 % and mortality was 0.5 %. General postoperative complications occurred in 18.9 %, and surgical postoperative complications occurred in 13.1 %. Both significantly decreased over time (p<0.001 and p=0.033, respectively). An overview of postoperative surgical complications is given in Table 4 .
Intraoperative adverse events influenced postoperative morbidity
Patients with an intraoperative adverse event had a higher postoperative general or surgical morbidity than patients without an intraoperative adverse event (41.2 and 32.9 % vs. 18.0 and 17.2 %, p<0.001 and p<0.001, respectively).
Discussion
Intraoperative adverse events occurred in 8.4 % of 3,928 patients undergoing elective laparoscopic colorectal resection and, overall, did not significantly change over time. While bleeding complications decreased, technical problems with the equipment increased.
However, over time, conversion rate and postoperative morbidity decreased, and a higher percentage of surgical interventions were performed by less experienced surgeons. Intraoperative adverse events do not only jeopardize the success of surgical treatment but also strongly influence patients' outcome [14, 18] . Most studies list intraoperative complications and do not distinguish between surgical complications and nonsurgical adverse events. In a meta-analysis including ten RCTs with 2,159 laparoscopic procedures, the mean intraoperative surgical complication rate (defined as hemorrhage, bowel injury, and solid organ injury) was 7.9 % ranging from 0 to 16.1 % [12] . A reason for the lower intraoperative surgical complication rate of 4.1 % in our study might be the smaller portion of oncological colorectal resections (18.9 vs. 96.2 %) and the special interest in laparoscopic surgery of participating hospitals. However, in another analysis of 1,316 patients, intraoperative surgical complications (4.5 %) were similar to our study [13] . Only few studies 3 %, respectively [10] .
Surgical complications are directly related to the surgical act and mainly include bleeding, perforation, and anastomotic problems. In a multicentric trial analyzing 4,834 laparoscopic colorectal procedures, intraoperative bleeding and organ lesions occurred each in 1.7 % [19] . In our study, the rates of bleeding (1.5 %) and organ lesions (1.6 %) were comparable to those in the literature. Nevertheless, a portion of intraoperative complications can be missed during surgery. In this study, most of organ lesions were detected intraoperatively, and intraoperative bleeding was successfully managed and reoccurred seldom. Several studies suggest that different sealing devices (i.e., Ultracision, Ligasure) are safe and useful instruments for laparoscopic colorectal resections. The harmonic scalpel and the Ligasure were introduced in 1993 and 1998, respectively. Interestingly, the incidence of intraoperative bleedings decreased since 1998. The beneficial effect of these devices on blood loss has been previously described [20] [21] [22] . The increasing popularity and utilization of coagulation devices may be one explanation for the significant reduction in bleeding complications.
Surprisingly, equipment problems significantly increased over time and continue to be of concern. Nevertheless, with an incidence of 3.2 % in technical equipment complications, our data is comparable to other studies on that topic [23] .
We could not identify a single cause of equipment problem. Stapling issues (e.g., misfiring) were less frequent than problems with the camera or electrical devices. Multifunctional tools such as Ultracision, Ligasure, and others are certainly of benefit to the surgeon, but may also cause problems within the operating room if not correctly handled by the staff. On the other hand, the introduction of reliable vessel sealing devices has certainly contributed to the improvement of patient outcomes [8, [20] [21] [22] . The correct handling of these tools remains important, and most companies continue to offer training courses for surgeons. However, very rarely dedicated instructions are offered to the non-surgeon personnel in the operating room or during the re-sterilization process, especially in the setting of teaching hospitals with a high turnover and frequent changes during shifts.
Overall, intraoperative adverse events did not change over time even after we corrected for age, gender, BMI, and malignant disease, the most commonly identified factors associated with an intraoperative adverse event [13, [24] [25] [26] . However, an intraoperative adverse event significantly increased postoperative morbidity from 17 to 33 % in our study. The tendency to operate patients at higher risk with a higher ASA score may be one explanation for the lack of significant reduction of intraoperative adverse events. Another factor worth being discussed is the increased number of operations performed by less experienced surgeons (<50 total colorectal resections) over time. In 2006, the evaluation of an expert survey calculated the surgeon's experience as one of the strongest indicators for intraoperative complications [26] . Experience of <50 procedures was associated with a significant increase of intraoperative complications (8.1 vs. 1.7 %) as described in a multicentric Brazilian trial, analyzing 1,966 patients [27] . However, these findings were not confirmed in a recent study on 991 consecutive laparoscopic resections [28] . Likewise, Langhoff et al. suggested that laparoscopic surgery for colorectal cancer can be performed safely by supervised trainees with good short-term results [29] .
The majority of patients in our study were still operated by experienced surgeons (>100 total colorectal resections), 91. 3 % (1995-2000) and 88. 2 % (2001-2006) , respectively. In accordance to the latter studies, our data revealed no significant difference in the rate of intraoperative adverse events between experienced and less experienced surgeons in our data. Therefore, laparoscopic colorectal resections may be safe teaching procedures in an appropriate environment.
Another important finding of our study was the significant decrease in conversion rate.
Similarly, a recent systematic review on laparoscopic rectal resections reported on a strong time trend for conversion rates, which ranged from 0.6 to 32.4 % [30] .
Intraoperative bleedings of 47.6 % and organ lesions of 39.7 % were not manageable laparoscopically and resulted in a laparotomy. This is comparable to a study on 926 patients from 2000 to 2007 where intraoperative bleeding (46.7 %) and organ lesions (40 %) were the major reasons for conversion [18] . Although conversion [32] . A Brazilian multicentric analysis reflected a significant reduction of conversion rate for experienced surgeons (16.6 vs. 6.8 %) [27] . In our study, operation time decreased over time for all patients (p<0.001); on the other hand, operation time for converted patients significantly increased (p=0.010). This and the fact that intraoperative adverse events were more often controlled laparoscopically, might indirectly indicate that surgeons converted later, and this is without increasing postoperative complications, because surgical and general morbidity also decreased with time.
Conclusion
The herein study is limited by the fact that the majority (77 %) of participating hospitals had a special interest in laparoscopic surgery. Therefore, a longitudinal observation of the outcome over time in smaller county hospitals would probably give more representative information about the changes over time. Also, the recorded events were not clearly defined, but had to be marked from a given list. Surgeons might have had different interpretations of an event; however, the list of events remained the same over the entire study period. There were several strengths to the study. First, the sample size was large, the statistical power to detect clinically relevant differences was high, and the data were complete (no missing data). Second, the study was population-based and thus had excellent generalizability, despite the limitation by the abovementioned special interest of hospitals in laparoscopic surgery.
Although the study was based on Swiss patients only, the authors believe that the results can be generalized to all countries where the standard of laparoscopic surgery is high.
This study has provided evidence that the incidence of intraoperative adverse events did not change significantly. Hence, surgeons must continue to operate safely as intraoperative adverse events continue to be linked with increased postoperative morbidity. Further, the increasing utilization of technical devices may involve an undeniable risk of increased technical problems. Therefore, regular training and guided instructions for laparoscopic surgeons and the whole involved surgical staff are mandatory.
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